be distinguished on the basis of the receptive field properties that we analyzed.
The results of numerous
Golgi studies (e.g., Sterling, 1971; ValVerde, 1973; Langer and Lund, 1974; Tokunaga and Otani, 1976; Labriola and Laemle, 1977; Mathers, 1977) Chalupa, 1984 , for a recent review of this literature). Up to now, there have been only a few attempts to correlate directly the receptive field properties and structural characteristics of SC neurons.
Takahashi and his co-workers (Takahashi et al., 1977; Takahashi and Ogawa, 1978; Ogawa and Takahashi, 1981 ) stained a variety of SC cells in rabbit and cat with procion yellow but did not assess their receptive field characteristics. They did, however, note in rabbit that neurons which responded to optic nerve stimulation with an in&al EPSP, one or two spikes, and a longduration IPSP were narrow field vertical cells. Grantyn et al. (1984) Only Irvin et al. (1983) have combined receptive field analysis and intracellular Injection techniques to study SC neurons. They reported that, in the tree shrew, S-R neurons (see Albano et al., 1978) 
Materials and Methods
Experimental an/ma/s and surgical preparation. Thirty-erght normal adult (3 to 8 months) hamsters provided data included in this study. Each was anesthetized wrth sodium pentobarbital (60 mg/kg, t.p., along wrth 1.5 ml of a 1.5% solutron of atroprne sulfate), and the trachea was cannulated and heart rate recording leads were fixed to the chest. The hamster was placed in a stereotaxrc headholder which leff the visual field free of obstruction, and the skull overlying the posterror portions of both cerebral cortrces was drilled away. The dura was slit and reflected and the exposed cortex was covered with a pool of warm mrneral oil. The dura overlying the ctsterna magna was also removed to Improve recordrng stability. The eyelids were then gently retracted, the pupils were dilated with homatroplne hydrobromlde, and the corneas were protected with repeated appllcatlons of mineral 011. All wound edges were InfIltrated with a local anesthetlc and the animal was then paralyzed with gallamine trlethiodide (initial dose 40 mg/kg, 1 (Rhoades, 1980, Fihoades and Chalupa, 1980; Mooney et al 1984) . The receptive field propertIes that were analyzed tn detail were those which have been shown previously (e.g., Chalupa and Rhoades, 1977; Chalupa. 1977, Stein and Dixon. 1979) to be characteristic of superficial layer SC neurons In the hamster. These were (1) Responslvity and response sign (i.e., on, off, or on-off) to stationary flashed stIrnull. Here, spots of various sizes were centered on the receptive field activating region and flashed for durations ranging between 0.5 and 2 sec. Whether or not the cell responded and the sign of response were noted. (2) Speed selectivity: The cutoff velocity for each cell was determlned by moving a spot across the field at various speeds and determlnlng the velocity at which the cell would no longer respond. The spot size and the dIrectIon of movement were those which were qualitatively Judged to yield the maxlmum number of action potentials from the cell. Trials with different stimulus velocities were randomized and the Intertrial interval was sufficient to ensure that habituatton (which occurs only rarely for superflclal layer SC neurons In hamster- Chalupa and Rhoades, 1977) did not affect responses.
(3) Dlrectional selectivity: This was tested by moving an optimally sized spot across the receptive field in at least eight different dlrectlons at the speed judged to yield the maximum number of responses from the cell Each direction was tested at least five times and the order was randomized.
For a cell to be considered dlrectlonally selective, the average number of spikes evoked by movement in the preferred dlrectton had to be at least 3 times that In the non-preferred dIrection. (4) Surround suppression:
The responses of many superficial layer SC neurons in hamster as well as In other species (agarn, see Chalupa, 1984 , for a review) are reduced by stimuli having dlmenslons that exceed those of the receptive field actlvatlng region Rhoades, 1978) We tested for such suppression by moving spots, which exceeded the largest dimension of the receptive field by at least 50%, across the field at the speed and in the direction Judged to be optimal for the cell A neuron was judged to exhibit surround suppression If the large stimulus ylelded less than 50% of the number of spikes obtained with an optimally slzed spot.
Recording, electrica/ st/mu/at~on, and HRP Injection. SC neurons were recorded with micropipettes pulled from Radnottl Microstar capillaries. These were fllled with 6% HRP (Sigma type VI) in 0.05 M Trls and 0.3 M KCI and were bevelled to tip diameters of 0.5 to 1 .O pm and DC resistances of 70 to 120 megohms.
Electrodes were placed on the cortical surface with the aid of a dissecting microscope and the cranlal defect was then covered with 3% agar In physiological saline to mintmize movement associated with respiration and vascular pulsation
The electrode was coupled to a Eutectics Model 400A preampllfler, the output of which was displayed on a storage oscilloscope, played over an audiomonitor and converted to standard pulses for construction of rasters or histograms. A concentric bipolar stimulating electrode (tip separation, 0.5 mm) was positioned in the lpsllateral caudal thalamus, and 0.05 to 2.0.mA shocks (50 psec duration, isolated from ground) were delivered as search stimuli. Such shocks (see "Results") produced reliable transynaptic activation of almost all superficial SC neurons presumably via stimulation of retlnal and cortical axons of passage. This stimulus was used in conlunction with visual stlmulatron to "search" for SC cells Response latency to this shock was also used in confunction with visual response properties to ensure that the same cell was being recorded both before and after HRP infection.
All response properties were assessed extracellularly. and the cell was then impaled by advancing the electrode and intermittently passing brief (250 msec) posltlve (1 nA) current pulses. Impalement of a cell was indicated by. (7) a rapid 20 to 70.mV drop in resting potenttal, (2) An increase In action potential amplitude, and (3) the ablllty to inhibit spontaneous ftrlng with hyperpolanzlng current (1 nA). If a stable penetration (as indicated by a resting potential of at least 20 mV and no injury discharges) was achieved, the responses of the neuron were quickly reassessed and, If they matched those recorded extracellularly.
the cell was injected with HRP by passing 5-nA positive current pulses (250 msec duration) at a rate of 1. As a group, the marginal cells were physiologically quite homogeneous (see Table I ). All were visual, none were spontaneously active, and only 25% (N = 2) responded to stationary, flashed stimuli. Seventy-five percent (N = 6) were directionally selective, and all but one of these preferred movement with an upward component. All but one of the marginal cells responded only to low speeds and 60% (3 of the 5 tested) exhibited surround suppression. figures. a (three overlapped oscilloscope traces) shows the cell's response to thalamic shocks (125 PA), b demonstrates that the neuron had no spontaneous activity, and c shows the lack of response to a flashed spot (1.5"; duration indicated by the bar beneath the oscillograph).
The traces in d demonstrate that the cell had a strong preference for upward movement (1.5" spot, speed = 8'/sec, receptive field size = 2" X 4'; arrows indicate directions of stimulus movement).
e shows the reduction in the response when a large spot was used for stimulation, and f illustrates the reduced discharge elicited by a 1.5" spot moved at 20"/sec. g shows two traces obtained immediately before and after the penetration of the cell. Initially, the DC shift was only 15 mV and the spike height was small. As the penetration stabilized, the resting potential became 25 mV and the action potentials increased in amplitude. The traces in h and i illustrate the same directional selectivity shown by the extracellular traces. Stimulus conditions are the same as in d and arrows denote directions of stimulus movement.
The calibrations are 5 mV and 5 msec for a, 5 mV and 2.5 set for b to f, and 10 mV and 2.5 set for g to i.
Oscilloscope traces deplctlng responses typical of cells from this tree (e.g. , Fig. 70) ; however, several steliate cells in the SGS sent a class are provided in Ftgure 2.
few collaterals into the uppermost part of the SO (Figs. 5 and 7A). Stellate cells. Fourteen of the neurons recovered had stellate morphology. The somata (mean area = 82.2 pm', SD = 15.9) of these cells were scattered throughout the SGS (N = 9) and SO (N = 5). Cells typlcal of those Included in this group are illustrated in Figures 5 to 7. Most had limited dendritic arbonzations which extended no more than 200 pm away from the cell body. The dendrites of these cells were often, but not invariably, covered with spines (e.g., Figs. 6 and 7, C and D) . The axonal arborizations of these cells were usually restricted to the region of the neuron's dendritic
The distribution of receptive field properties for the recovered stellate neurons was very similar to that for the marginal neurons (Table I ). All were exclusively visual; only 14% were spontaneously active and most (64%) did not respond to stationary flashed stimuli.
Sixty-four percent of the stellate cells were directionally selective and most (56%) of these again preferred movement with an upward component. Seventy-one percent of these cells responded only to low stimulus velocities and most (60%) had their responses suppressed by stimuli which extended beyond the receptive field acti- Figure 2 The dark mass denoted by the sold arrow In A IS pra which adhered to the SC surface C and C' are photomrcrographs of the same cell taken at drfferent focal planes C shows the soma and C' the neuron's proximal dendrites The cahbrat/ons are all 100 pm; that In /3 also applies to A. vating region, Figure 5 shows oscilloscope traces from a typical stellate cell, and it also serves to illustrate the manner in which the salient response characteristics of a given neuron were tested before and after impalement. The traces in Figure 5 , a and b, are extracellular, and they show that this neuron responsed at a relatively long (7.5 msec) latency to posterior thalamic shocks (Fig. 5a ) and that it had a strong preference for stimuli moving in the upper temporal direction (Fig. 5b) . The traces in Figure 5 , c and d, are intracellular, and they were obtained after HRP had been iontophoresed into the cell for 3 min. They show the same response latency to posterior thalamic shocks (Fig. 5c ) and the strong preference for upper temporal stimulus movement (Fig. 5d) . superficial layers and arborrzed fairly extensrvely in the underlyrng stratum grrseum intermediale (SGI) (Figs. 8 and 10, A and B) .
The narrow field vertical ceils were quite different functionally from the marginal and stellate neurons. All were exclusrvely visual, 40% were spontaneously active, and most (70%) were discharged by flashed stirnull Only one of these cells (10% of the sample) was directionally selective and It preferred upward movement. Most (60%) of the narrow field vertical cells responded equally well to a wide range of stimulus velocities, and 44% exhibited surround suppression. Oscilloscope traces which illustrate the response of a narrow field vertical cell are provided in Figure 8 .
Neurons with narrow, vertically oriented dendritic arbors. We recovered IO cells with narrow (<300 pm), vertically oriented dendritic trees. Five cells which illustrate the range of morphological variability for this class are shown in Figures 8 to 10 . These cells were larger than either the marginal or stellate cells (mean soma area = 95.5 pm*, SD = 28.2) and most (80%, N = 8) had somata located in the lower one-half of the SGS (e.g., Fig. 10 , A to C). The two remaining neurons in this class had their cell bodies in the SO (Figs. 8, 9 , and 10/I). The dendrites of these neurons usually arose from the dorsal aspect of the cell body and then arborized extensively. In most instances they were fairly covered with spines.
Neurons with w/de, vertically oriented dendritic arborizations. We recovered 12 cells with wide, vertically oriented dendntrc trees. Four of these are illustrated in Figures 11 to 13 . These neurons were located In either the lowermost SGS (N = 8) or the SO (N = 4). They had the largest cell bodres (mean soma area = 141.8 pm*, SD = 33.4) of any of the superficial layer neurons that we recovered. They had very broad dendentric trees which extended for up to 900 pm in the mediolateral plane (e.g., Fig. 13, A and B) . Regardless of the laminar location of the soma, the dendrites of cells in this class always extended into the uppermost part of the SGS, usually reaching the pial surface (e.g., Figs. 12 and 13, A to C). The dendrites of cells in thts class were usually covered with spines. The axonal arborizations of the neurons in this class were exIn those instances where the axonal arbonzation of a wide field tremely variable. Five had axons which did not extend far beyond vertical cell could be traced, it usually collateralized most extensively the neuron's dendritic tree (e.g., Fig. IOC) , two had more extensive ventral to the soma (Figs. 11 and 13 , B and C). SIX of the eight wide collaterals which remained in the same lamina as the cell body (e.g., field vertical cells with axons that could be traced had numerous Fig. lOD) , and three had axon arbors which extended out of the collaterals in the SGI (e.g., Fig. 13 , B and C).
SAI SGP Figure 4 . Reconstructrons of the marginal cells rllustrated in Frgure 3. The cell In A had a dense dendritic arbor whrch was restricted to the SGS Its axon (open arrow) was well frlled and gave off collaterals in the SGS and SO. It could be traced as far as stratum grrseum profundum (SGP). The cell rn B had fairly widespread, ventrally drrected dendrites restricted almost completely to the SGS. Its axon could not be traced. The cell in C had a small dendritic arbor restncted to the SGS Most of the cell's axonal collateralrzatron was restncted to the regron of the dendritrc field, but one process could be traced as far as the SGI All three of these neurons were drrectronally selective and responded only to slowly moving stimuli. Figure 11 , a. c-- figure 5 . Photomicrograph, reconstruction, and oscillographs illustrating the responses of a stellate neuron. The cell's soma was located in the middle of the SGS and its dendrites, which were almost completely free of spines, were restricted to this layer. The cell's axon gave off numerous en passant and terminal boutons and it was also restricted to the SGS near the region of the neuron's dendritic tree. and their drstrngurshing feature was extremely widespread dendrrtrc arbors which extended both dorsally and ventrally from the level of the cell body. The cell shown in Figure 16C had responsrve to flashed strmulr and one had its responses suppressed by strmulr larger than the recepttve field actrvating region.
Correlations between structure and function. The data presented In the preceding sections and Table I Indicate that a grven constellation of receptrve field properties was not invariably associated wrth a given morphological class. There were, however, several statistrtally reliable relationshrps between structure and functron for superficial layer SC neurons. The most clearcut functional differences between morphologically defined types were between marginal and stellate cells and the neurons In the other structural categories. Marginal and stellate ceils were In most cases directionally selective, whereas neurons in the other groups were not (x2 = 16.7, df = 5, p < 0.01). With two exceptions, marginal and stellate cells were not spontaneously active. More than 50% of the other cell types we recorded had measurable spontaneous activity (x' = 12.5, df = 5, p < 0.05). Most marginal and stellate neurons did not respond to flashed stimuli. More than 75% of the cells in the other classes were discharged by flashed spots (x2 = 15.8, df = 5, p < 0.01). Finally, more than 75% of the marginal and stellate neurons responded only to stimulus velocities <20"/sec. Greater than three-fourths of the other cell types responded to a much wider range of stimulus speeds (x2 = 12.5, df = 5, p < 0.05).
Discussion
The data presented in the preceding section demonstrate that there are statrstrcally reliable correlations between the structural and functronal charactenstrcs of vrsual neurons in the superficial layers SGS $\k SGS SGS Figure 7 . Reconstructions of the four stellate cells shown In Figure 6 . The cell in A had a very small dendrltlc arbonzatlon that was restrlcted to the middle part of the SGS. Its axonal collateralizatlon (the axon IS denoted by the open arrow) was primarily in the lower SGS and SO. The soma and dendrites of the cell In B were in the upper one-third of the SGS. Its axon could not be traced. The cell in C had Its soma in the mlddle of the SGS, and both Its dendritic and axonal arbonzations were restricted to this lamlna. The stellate cell in D was also in the mlddle of the SGS. The ca/ibrat/on IS 100 pm. to a moving stimulus. Note the lack of response to movement wrth a downward component. e and f show the attenuation of the neuron's response when speeds of 25 and 50"/sec were used In both traces, the drrectron of movement IS up. g illustrates the cell's response to thalamrc shocks after It was impaled h rllustrates spontaneous actrvity and I the cell's directionally selective response to a movrng spot The ca/&at/ons are 5 mV and 5 msec for a, 5 mV and 2 5 set for b to f, 20 mV and 5 msec for g, and 20 mV and 2.5 set for h and 1. fit with the results of similar studies in other species? (2) To what extent do the structural types we have defined on the basis of intracellular HRP injections correspond to the morphological categories developed in previous Golgi studies? (3) How well do our findings with regard to the responses of specific cell types in defined SC laminae fit with what is known regarding the visual afferents to these layers and their roles in the development of visual receptive field properties?
Relationship to previous structure-function studies of the superficial SC laminae. As noted at the beginning of this paper, only a single study (Irvin et al., 1983) has attempted to correlate the receptive field properties and morphology of individual SC neurons. Our data with respect to narrow field vertical cells appear to coincide well with those which Irvin et al. (1983) reported for such neurons in the tree shrew. In both species, these neurons give reliable (generally on-off) responses to flashed stimuli and are insensitive to the direction of stimulus movement. Our findings for neurons with wider dendritic arbors do not, however, appear to agree with those reported by Irvin et al. (1983) . They described such cells as being either diffusely visual or poorly responsive. In hamster the response characteristics of narrow and wide field vertical cells were actually quite similar.
Our data for horizontal cells substantrate prevrous observatrons (Takahashr and Ogawa, 1978; Ogawa and Takahashr, 1981) that such neurons are capable of supporting action potentials. Although prevrous Golgi studies (e.g., Langer and Lund, 1974) showed that such cells do give rise to axons, it was suggested that they might not have action potentials. All of the horizontal cells we recovered did yield action potentials.
Structural categories for cokular neurons. In general, the morphological categories we defined on the basis of our small sample of HRP-injected cells coincide fairly well with those established in previous Golgr experiments. The neurons we classed as marginal cells are very similar to those illustrated for the rat by Langer and Lund (1974) and Labriola and Laemle (1977) . Close correspondence with Golgr-stained cells was also the case for the stellate and horizontal cells which we recovered. The major point of difference between our categories and those developed on the basrs of Golgi material concerns neurons with vertically oriented dendritic arbors. We have defined two classes-narrow and wide field cells-which are drstingurshed primarily by the breadth of their dendritic arbors (see "Results"). The Golgr literature for rodent SC (Langer and Lund, 1974; Labnola and Laemle, 1977 ; but also see Tokunaga and Otani, 1976) has generally delineated three types of neurons with vertically onented dendntrc trees: narrow field vertical cells, wide field vertrcal distinguishing characteristic of pyrrform cells appears to be the cells, and pyrrform cells. In the rat, some pyrrform cells (see Langer restriction of their somata to the border between the zone of and Lund, 1974, Fig. 11, and Labrrola and Laemle, 1977, Rg. 4) horizontal cells and the zone of vertical cells (these drvrsions correhave dendrrtrc trees which are as restricted as those of narrow field spond closely to the upper and lower halves of the SGS). vertical ceils, and others have arbors which extend well into the In our admittedly limited sample, we were unable to define a range we (perhaps somewhat arbitrarily) defined for wide field subgroup of cells which were sufficiently distrnctrve to be classed vertical cells. In Langer and Lund's (1974) Figure 9 . The neuron In A had its soma In the lower SGS and its dendritrc arbor was restrrcted to this layer. Its axon ramrfred extenstvely
In the lower SGS, SO, and SGI. One of its processes could be traced to stratum album intermedrum (SAI). This cell was nondrrectional, gave an on-off response to a flashed spot, and was discharged by stimulus velocities up to 200"/sec. Its responses were reduced by stimulr larger than the receptive field activrng region. The cell In i3 also had its soma in the lower SGS and an axon that ramrfied extensively rn the lower SO and upper SGI. It was nondrrectronal, responded only to low speeds, and was unaffected by stimulus size. The cell In C had a dendntrc arbor similar to that shown In B, but its axonal collateralrzatron was restncted to the region of the neuron's dendritic tree. The cell was unresponsive to flashed stimuli, nondirectional, had its responses suppressed by spots larger than the receptive field, and was discharged by stimulus velocities up to 250"/sec. The cell rn D had its soma In the lower SO and its dendrites were restricted to this layer and the lower SGS. The axonal arbonzation of this cell was in the SO and was mostly medial to the cell. This neuron was nondrrectronal, responded only to low speeds and was unaffected by spot srze. SGP, stratum griseum profundum. Fig. 11, left side) . The soma of our HRP-filled cell terized as "widefield cylindrical neurons"
(see their Fig. 5a ) would was, however, located in the lower SO. have been classed as narrow field vertical cells in our study. They \. Figure 12 . All three of these neurons had their cell bodies at the SGS-SO border and dendritic arbors whrch extended into the SGS, reaching the pial surface. Only a srngle axonal branch of the cell shown in A could be traced. It remained In the region of the neuron's dendritic arbor. The cells in B and C had extensive axonal arborizations in the SO and SGI. The cell in A was nondirectional, gave an on-off response to a flashed spot, was discharged by stimulus speeds up to lOO"/sec, and its responses were suppressed by stimuli larger than the receptive field. The cell in B was directionally selective, preferring upward stimulus movement.
It gave an on-off response to flashed spots, was discharged by stimulus speeds in excess of 150"/sec, and was unaffected by spot size. The cell In C was unresponsrve to flashed stimuli, nondirectional, responded only to low (<lO"/sec) speeds, and had its drscharges suppressed by spots which exceeded the size of the receptive field. The calibration for the reconstructions is 100 urn. The preceding paragraphs point out one of the major difficulties involved in attempting to correlate neuronal structure and function: it is possible that some relationships between these two variables may be missed because morphological categories are too broadly defined. Nevertheless, our approach has been to group cells into categories that could be distinguished unequivocally.
Relationships to SC afferent organization. It is well known that the major visual inputs to the superficial SC laminae have a highly stratified organization (see Huerta and Hatting, 1984 , for a recent review), and it has been noted in several species that the responses of cells in different parts of the superficial laminae may reflect this afferent organization (e.g., Mcllwain and Fields, 1971; Hoffmann, 1973; Mcllwain and Lufkin, 1976; Albano et al., 1978; Fukuda and Iwama, 1978) . In this discussion, we will consider only those inputs from the retina and striate cortex.
In the rodent, the results of several studies (e.g., Fukuda, 1977, Rhoades and Chalupa, 1979; Chalupa and Thompson, 1980; Linden and Perry, 1983) have indicated that all classes of retinal ganglion cells send axons to the SC. There is, however, evidence from both cats and rodents that the finer and more slowly conducting axons terminate most superficially, whereas larger caliber axons innervate the deeper parts of the SGS and SO (e.g., Mcllw'ain and Lufkin, 1976; Mcllwain, 1978; Bowling and Michael, 1980; Behan, 1981; Hofbauer and Drgger, 1981; ltoh et al., 1981; Mize, 1983; Sachs and Schneider, 1984) . The relationship between these terminal zones and the locations of the neurons which receive contacts from a given type of retinal afferent are not, however, completely clear. Several investigators (e.g., Mcllwain and Fields, 1971; Hoffmann, 1973; Mcllwain and Lufkin, 1976; have reported that SC neurons innervated by rapidly conducting or Y-type retinal axons are almost Invariably located in the lower SGS and SO. As might also be expected from the anatomical data, collicular cells receiving input from very slowly conducting retinal axons have also been recorded in the uppermost portion of the SGS (e.g., . At the same time, however, and Ogawa and Takahashi (1981) have both reported that some neurons in the lower SGS receive input from slowly conducting or W-type retlnal ganglion cells. In the latter study, procion yellow injections suggested that these neurons were wide field vertical cells. An additional experiment which employed current source density anal- gave on-off responses to flashed stimuli, were unaffected by spot size, and responded to speeds in excess of lOO"/sec. The cell in C had its soma in the SO and a dendritic span of more than 1400 pm. The axon of this cell could not be identified. This neuron did not respond to any of the sensory stimuli we employed.
The neuron shown in D had its soma in the upper SGS and an extensive dendritic arborization in the SGS. The axon of this cell could not be identified. This neuron was axially selective, gave an on response to a flashed spot, and responded only to speeds <iO"/sec. This cell was unaffected by stimulus size. The calibration for the reconstructions is 100 Wm.
ysis in guinea pig (Johnson and King, 1982) concluded that slowly conducting retinal axons terminated in the upper SGS and made synapses onto the dendrites of cells located in the lower part of this layer. Conversely, rapidly conducting axons were thought to terminate in the lower SGS and synapse onto the dendrites of cells located in the upper portion of this lamina.
One electrophysiological study in the rats (Fukuda and Iwama, 1978) has observed some weak correlations between neuronal response properties in colliculus and the conduction velocity of retinal afferent input. Such relationships have also been observed in the cat (e.g., Hoffmann, 1973) . In hamsters, the only significant correlation between the conduction velocity of retinal afferents and SC receptive fields was with respect to direction selectivity. Rhoades and Chalupa (1979) reported that directionally selective neurons had a strong tendency to be driven by slowly conducting retinal axons. Those data fit well with our current finding that stellate and especially marginal cells were directionally selective more often than other morphological types. The proximal dendrites of directionally selective neurons in these classes were located in the upper SGS and thus were likely to receive contacts from slowly conducting retinal axons. Also of interest in this regard is the fact that only one of the five stellate cells located in the SO was directionally selective. Thus, all but three of the marginal and stellate cells recovered from the SGS were directionally selective.
Stellate and marginal cells, in most cases, also responded only to slowly moving stimuli which also might be predicted by the suppositlon that they receive input from slowly conducting retinal axons (see Stone and Fukuda, 1974 , for a review of the receptive field properties of W-type retinal ganglion cells). In this regard, however, it must be noted that Rhoades and Chalupa (1979) observed no correlation between speed selecfvity and conduction velocity of retinal input in their study. The relationship between the terminal distribution of the striate corticocollicular projection and the morphology and receptive field properties of SC neurons is much less clear than that discussed above for the retinocollicular pathway. It is well known that the striate cortical input to the superficial layers is necessary for the synthesis of receptive fields of most directionally selective SC neurons in the hamster and the cat (Wickelgren and Sterling, 1969; Rosenquist and Palmer, 1971; Stein and Arigbede, 1972; Stein et al., 1975; Mize and Murphy, 1976; Stein, 1977) .
In hamsters, this projection innervates the lower half of the SGS and the upper SO (e.g., Rhoades 1981; Rhoades and Fish, 1983 ). This region is, of course, ventral to the proximal dendrites of the directionally selective marginal cells. The ventrally directed dendrites of directionally selective SGS stellate neurons do, however, extend into the striate corticorecipient zone of the tectum. Yet, previous extracellular recording studies (Rhoades and Chalupa, 1978) have shown that the vast majority of the ceils recorded in the upper SGS Conclusions. The results of this study show that the receptive of the hamster's SC are not activated by striate cortical shocks (see field properties and morphology of SC neurons can be related, but especially their Fig. 7) . Thus, although the striate corticotectal paththat these relationships are by no means invariant. Each morphologway is clearly necessary for the organization of directionally selective Figure 17 . The cell in A had its soma in the most lateral part of the SO, and its dendrites extended laterally into the brachium of the superior colliculus (BSC) and medially into the SO and SGI. Its axon (arrow) descended into the mesencephalic reticular formatron (RF). This cell was somatosensory and responded only to deflection of the mystacial vibrissae. SAI, stratum album intermedium; SGP, stratum griseum profundum.
The cell in B had its soma at the SGS-SO border and dendrrtes In the SGS, SO, and SGI. It had a dense axonal collateralization (arrow) medial to the soma in the SGS. This neuron was unresponsive.
The cell in C had its soma in the lower SO and dendrites which extended laterally in the SO and upper SGI. Its axon (arrow) collateralrzed medial to the soma in the lower SO and upper SGI. This cell was nondirectional, responded to speeds up to 50"/sec, and was not discharged by flashed stimuli. Effects of stimulus size were not tested for this cell. The calibrations are all 100 pm, That in B also applies to A. 
